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Methods and Compositions for the Treatment and 
Prevention of Smooth Muscle Cell Proliferation 



Related Applications 

This application claims benefit of U.S. Provisional Application No. 
60/272,951, filed March 2, 2001. 



15 Technical Field 

The present invention relates to compositions and methods for identifying 
Hi compounds that effect vascular conditions related to smooth muscle cell 

proliferation. In particular, the present invention comprises methods and 
compositions for treating vascular occlusive pathologies, and preferably comprises 
W 20 compounds that inhibit smooth muscle cell proliferation through the induction of 

heparan sulfate proteoglycans. 



Background of the Invention 

Abnormal vascular smooth muscle cell (SMC) prohferation is thought to 
25 contribute to the pathogenesis of vascular occlusive lesions, including 
arteriosclerosis, atherosclerosis, restenosis, and graft atherosclerosis after coronary 
transplantation. Vascular SMC proliferation is a conomon consequence of 
endothelial injury and is believed to be an early pathogenetic event in the formation 
of atherosclerotic plaques. Many humans and animals have limited lifespans and 
30 lifestyles because of such conditions. 



Percutaneous coronary artery intervention (PICA) procedures are the most 
common in-patient hospital procedure in the United States. According to the 
American Heart Association, about one-third of the patients that undergo balloon 
angioplasty have restenosis of the widened segment within approximately 6 months. 
It may be necessary to perform another angioplasty or coronary artery bypass 
surgery on restenosed arteries. A key feature of restenosis is an injury response that 
results in activation of an inflammatory cascade and remodeling of the cells both 
inside and outside the carotid artery wall This includes excessive growth of 
connective tissue and smooth muscle into the lumen of the artery known as 
neointimal hyperplasia. Currently there are no effective pharmacological treatments 
available that control the pathogenesis of vascular occlusive lesions, such as, but not 
limited to, arteriosclerosis, atherosclerosis, restenosis, and graft atherosclerosis after 
coronary transplantation. Identification of effective therapeutics with minimal side 
effects will restore quality of life without requiring additional surgical procedures 
such as coronary artery bypass surgery. 

The mechanisms involved in the control of vascular conditions related to 
SMC function are not clear and there is no preventive therapy against SMC 
activation. Thus, what is needed are methods and compositions for treatment and 
prevention of vascular occlusive conditions. In particular, what is needed are 
methods and compositions to prevent and treat restenosis following treatments of 
vascular tissues. 

What is also needed are methods and compositions for the alteration of gene 
expression in arterial wall cells to inhibit thrombosis and SMC proliferation. In 
particular what is needed are methods and compositions that inhibit SMC 
proUferation and related intimal hyperplasia. 

Summary of the Invention: 

The present invention comprises methods and compositions for prevention 
and treatment of vascular occlusive conditions including, but not limited to, 
neointimal hyperplasia. Preferred embodiments of the present invention include 



methods and compositions for measuring the induction of HSPG including, but not 
limited to, syndecan, glypican and perlecan. The present invention additionally 
comprises assays for rapid and accurate high throughput screening of molecules that 
induce HSPG synthesis. Compositions comprising the molecules and compounds 
identified are used in methods for effective therapies to treat vascular occlusive 
pathologies related to smooth muscle cell proHferation. 

The present invention also comprises compositions comprising the 
compounds having a desired activity identified by the assays. The compositions 
have utility in treatment of cells, tissues or whole organisms. Such compositions are 
formulated for administration in an effective amount for treatment of conditions 
related to smooth muscle cell proliferation such as biological conditions including, 
atherosclerosis, restenosis, transplant vasculopathy, cardiac allograft vasculopathy 
and graft atherosclerosis after coronary transplantation. The present invention 
additionally comprises methods and compositions that are effective in mediating the 
clinically deleterious effects of syndecan, glypican and perlecan and other HSPGs. 
Such methods and compositions are used to regulate vascular SMC replication, 
migration, gene expression and differentiation. In particular, such methods and 
compositions comprise compositions and methods for regulation of perlecan for 
prevention and treatment of vascular conditions. A most preferred embodiment 
comprises compositions and methods for induction of perlecan synthesis and 
expression for the treatment and prevention of restenosis of vascular tissues. The 
compositions may comprise other active compounds or pharmaceutical adjuncts that 
are needed for administration of the compound or compounds with the desired 
activity. 

Brief Description of the Figures 

Figure 1 A and B are graphs showing measurements of proteoglycans in cells 
which are grown under serum-free conditions and control cells grown with serum. 
Figure 2 is a graph showing perlecan inhibition of SMC proliferation. 
Figure 3 is a graph showing DNA synthesis effects due to perlecan. 



Figure 4 is a graph showing cellular quiescence in the presence of perlecan. 
Figure 5 is a graph showing the effects of perlecan with growth inhibitors. 
Figure 6 A is a graph showing the average of lA/MA ratios for each animal 
Figure 6 B is a graph showing the average of lA/MA ratios of all sections 
regardless of the number of animals. 

Detailed Description of the Invention 

The present invention comprises methods and compositions for detecting 
compounds or molecules that have specific biological effects and that may be useful 
as therapeutic agents. The present invention also comprises methods and 
compositions for the treatment and prevention of vascular occlusive conditions such 
as, but not limited to neointimal hyperplasia, restenosis, transplant vasculopathy, 
cardiac allograft vasculopathy, atherosclerosis, and arteriosclerosis. Such methods 
and compositions comprise methods for inhibition of smooth muscle cell (SMC) 
growth and proliferation, and for induction of quiescence in smooth muscle cells. 
Preferred embodiments of the present invention comprise methods and compositions 
for inducing heparan sulfate proteoglycan (HSPG) synthesis and expression, 
including, but not limited to, the induction of HSPGs such as syndecan, glypican and 
perlecan, and most preferably perlecan synthesis and gene expression. 

Neointimal hyperplasia is conamonly seen after various forms of vascular 
injury and a major component of the vein graft's response to harvest and surgical 
implantation into high-pressure arterial circulation. In neointimal hyperplasia, 
smooth muscle cells in the middle layer of the vessel wall become activated, divide, 
proliferate and migrate into the inner layer. The resulting abnormal neointimal cells 
express pro-inflammatory molecules, including cytokines, chemokines and adhesion 
molecules that further trigger a cascade of events that lead to occlusive neointimal 
disease and eventually graft failure. 

Proliferation of SMC in response to local injury is a major feature of vascular 
proliferative disorders such as atherosclerosis and restenosis after angioplasty. 
Though not wishing to be bound to any particular theory, it is generally believed that 
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the endothelium regulates the growth of the underlying SMC. In normal vessels, 
SMC are quiescent, but they prohferate when damage to the endothelium occurs. 
The endothelium, in addition to producing a variety of growth factors, also generates 
key growth inhibitors. HSPGs are components of vascular cell membranes and 
extracellular matrix that are believed to control a variety of vascular functions 
including functioning as a barrier against cationic molecules and macromolecules, 
protecting the main structural component of the basement membrane, type IV 
collagen, from proteolytic attack, binding cytokines and growth factors including, 
but not limited to, basic fibroblast growth factor (bFGF), vascular endotheUal growth 
factor (VEGF), hepatocyte growth factor (HGF), keratinocyte growth factor (KGF), 
and transforming grovrth factor p (TGF-p), fimctioning as storage for these 
cytokines, regulating mesodermal cell fate, positioning of the heart, acting in 
vasculogenesis and angiogenesis after ischemic injury, effecting interactions of cells 
with adhesive proteins and blood vessels, inducing proliferation of smooth muscle 
cells during atherogenesis, acting to increase cell spreading, inhibiting chemotaxis, 
and effecting the metabolism of lipoproteins and nonthrombogenic characteristics of 
endothehal cells. Additionally, it is beUeved that the HSPGs have different functions 
in different locations. For example, while cell surface HSPGs function as co- 
receptors for growth factors and support cell growth, extracellular HSPG can inhibit 
cell growth. 

Although it is currently beUeved that endothelial HSPGs inhibit SMC 
proliferation, it is not known whether SMC synthesize antiproUferative HSPGs that 
act as autocrine inhibitors. Not wishing to be bound by any particular mechanism, it 
is currently believed that HSPGs inhibit DNA synthesis and SMC proliferation, and 
blocking HSPGs results in stimulation of DNA synthesis even in the absence of 
serum and growth factors. Known antiproliferative agents fail to inhibit SMC 
proUferation when the effects of HSPGs are blocked. 

Examples of HSPGs include syndecan, glypican and perlecan which are 
HSPGs generated within the cardiovascular system. Vascular SMCs express 
syndecans 1, 2 and 4, glypican-1 and perlecan. The regulation of HSPG expression 
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in these cells is not known. Cell growth stimulators such as platelet derived growth 
factor (PDGF), thrombin, serum, oxidized low density lipoproteins (LDL) and 
lysolecithin have been shown to decrease HSPG, and in particular, to decrease 
perlecan. In contrast, cellular antiproliferative agents, TGF-P, apolipoprotein E and 
heparin stimulate HSPGs. 

The present invention comprises methods and compositions comprising the 
identification of compounds for the treatment and prevention of smooth muscle cell 
proUferation, preferably compounds that effect synthesis of proteoglycans (PG). 
More preferred embodiments comprise methods for screening for compounds or 
molecules that induce HSPG synthesis comprising the addition of such compounds 
to assays and measuring HSPG synthesis, including, but not limited to, the 
production of syndecan, glypican and perlecan. Most preferred embodiments 
comprise methods for measuring the induction of perlecan synthesis. HSPG 
production is important in regulating SMC proUferation, and the methods and 
compositions described herein provide for high throughput screening of molecules 
that induce HSPG production and regulate SMC proliferation. 

A major extracellular HSPG in the blood vessel matrix is perlecan, a protein 
originally identified in basement membrane. It interacts with extracellular matrix 
proteins, growth factors and receptors. Perlecan is also present in basement 
membranes other than blood vessels and in other extracellular matrix structures. It 
consists of a core protein of Mr. 450,000 to which three HS chains of Mr-^TO kDa 
are attached to one end of the molecule. Perlecan core protein has a complex 
functional organization consisting of five consecutive domains with homologies to 
molecules involved in control of cell proliferation, hpoprotein binding and cell 
adhesion. The N-terminal domain I (aa --1-195) contains attachment sites for HS 
chains. Domain II comprises four repeats homologous to the ligand-binding portion 
of the LDL receptor. Domain in has homology to domains IVa and IVb of laminin 
and is thought to mediate cell attachment. 

Though not wishing to be bound by any particular mechanism, it is beUeved 
that extracellular HSPGs mediate quiescence in SMCs. In serum-starved quiescent 



SMC, perlecan synthesis is induced. For example, perlecan inhibits DNA synthesis 
and SMC proliferation, and blocking perlecan results in stimulation of DNA 
synthesis even in the absence of serum and growth factors. Induction of perlecan 
and other HSPGs is an important event for the inhibition of SMC growth. Known 
antiproliferative agents fail to inhibit SMC proliferation when the effects of perlecan 
are blocked. Thus, the present invention comprises methods and compositions for 
mediating perlecan and other HSPG synthesis, expression and amounts are taught for 
the maintenance of SMC in a quiescent state. Such methods and compositions of the 
present invention also comprise treatment and prevention of pathologies related to 
SMC proliferation. In particular, such pathologies include atherosclerosis and 
restenosis. 

As used herein, the term "compound" includes both the singular and the 
plural, and includes any single entity or combined entities that have activity that can 
be measured in the assays of the present invention. Such entities include, but are not 
limited to, chemical elements, molecules, compounds, mixtures, emulsions, 
chemotherapeutic agents, pharmacological agents, hormones, antibodies, growth 
factors, cellular factors, nucleic acids, proteins, peptides, peptidomimetics, 
nucleotides, carbohydrates, and combinations, fragments, analogs or derivatives of 
such entities. 

In the assays of the present invention, the compound initially has unknown 
activity, effect or effects. The activity of the compound is unknown, in that the 
compound's effects in the assays of the present invention are not yet determined. 
The compound may have many other known activities, and may be a compound that 
has other therapeutic uses. Any agent that causes the cells or components of the 
assay to respond in a measurable manner is contemplated by the present invention. 

The present invention comprises methods and compositions for measuring 
the activity of unknown compounds. Such methods comprise assays for specific 
activity of biological components involved in a known cellular response. The assays 
provide a measurable response in which the activity of the unknown compounds is 
determined. This response can be measured by methods known to those skilled in 
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the art, preferably in an ELISA. A preferred embodiment of the present invention 
comprises measurement of the effects of compounds on SMC proliferation in 
response to an HSPG-inducing agent. 

In another embodiment of the present invention, a compound suspected of 
effecting HSPG synthesis is added to cells in an assay. The response of the cells can 
be measured by determining levels of HSPG synthesis measured by methods known 
to those skilled in the art and compared to the amount of HSPG synthesis in 
untreated cells. The compound may have a stimulating effect, an inhibitory effect, a 
stabilizing effect, or no effect at all. 

In a further embodiment of the present invention, a composition suspected 
of effecting SMC proliferation is added to smooth muscle cells in growth medium or 
serum-free medium. The change in cell proliferation can be measured by methods 
known to those skilled in the art and compared to the proliferation of cells which are 
not treated with the compound. The composition may have a stimulating effect, an 
inhibitory effect, a stabilizing effect, or no effect at all 

The present invention also comprises compositions comprising the 
compounds identified by the methods as having a desired activity. The compositions 
have utility in treatment of cells, tissues or whole organisms. The compositions may 
be administered to humans and animals in dosages ranging from .001 mg to 200 
mg/kg, preferably .001 mg to 100 mg/kg, more preferably .001 mg to 50 mg/kg, and 
most preferably .OOlmg to 10 mg/kg. Such compositions are formulated for use in 
methods of administration in an effective amount for treatment of conditions such as 
biological conditions including, but not limited to, vascular occlusive lesions 
including atherosclerosis, transplant vasculopathy, cardiac allograft vasculopathy, 
restenosis, and graft atherosclerosis after coronary transplantation. The compositions 
may comprise other compounds including compounds with activities and 
pharmaceutical adjuncts that are needed for administration of the compound or 
compounds with the desired activity. The compositions may additionally be 
administered exclusively or in conjunction with other pharmaceutical compositions 
and surgical methods for treating smooth muscle cell proliferation and vascular 
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occlusive diseases, including, but not limited to, before, during and after PTCA 
procedures. 

The present invention comprises methods and compositions for the treatment 
and prevention of smooth muscle cell proliferation, including vascular occlusive 
pathologies. Such methods comprise administration of compositions comprising 
therapeutic agents capable of inhibiting SMC proliferation, preferably compositions 
that induce HSPGs such as syndecan, glypican and perlecan, and more preferably, 
compositions that induce perlecan synthesis and expression or effect the amount of 
perlecan. Such therapeutic agents that are effective in inducing HSPG activity or 
expression, preferably that of perlecan, are administered to animals suspected of 
having or who have vasculopathy or who have undergone angioplasty. Effective 
amounts of compositions are administered to such animals in dosages that are safe 
and effective. 

Additionally, the present invention comprises methods and compositions for 
gene therapy, comprising administering compositions comprising nucleic acids that 
effect the synthesis or expression of HSPG, particularly perlecan. For example, 
vectors comprising nucleic acids coding for perlecan or active fragments of perlecan 
are provided to cells, preferably circulatory tissue cells, more preferably, endothelial 
cells. Such vectors are known to those skilled in the art and can be administered in 
formulations that enhance the uptake of the vector by the cells. 

The present invention also comprises methods and compositions for inducing 
the syndesis or expression of HSPGs, including, but not limited to HSPGs such as 
syndecan, glypican and perlecan, preferably perlecan and also comprises induction 
and synthesis of active fragments of HSPGs, and more preferably, active fragments 
of perlecan. As used herein, when an HSPG is referred to, the entire molecule or 
fragments are included therein. For example, perlecan refers to the entire perlecan 
molecule or fragments thereof. Fragments of perlecan may have the same or 
different effects on cells. All of these fragments and activities are contemplated in 
the present invention. 
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The present invention additionally comprises diagnostic methods and 
compositions comprising detection of HSPG levels in the body, particulariy levels of 
periecan in the body, tissues or cells of a subject. Such diagnostic methods comprise 
measurement of HSPGs or HSPG fragment amounts, using methods disclosed herein 
or other methods known to those skilled in the art for measuring protein or nucleic 
acid levels. Changes in HSPG amounts or levels, and particularly, periecan amounts 
or levels indicates changes in the proliferation levels of smooth muscle cells. Such 
diagnostic methods can be used to diagnose such changes in smooth muscle cells or 
to determine the effects of therapeutic agents or other therapies in a subject. For 
example, gene therapy methods are used to administer nucleic acids that effect 
periecan synthesis or expression. Protein measurements, such as ELISA using 
monoclonal antibodies to periecan, are made after administration to determine the 
therapeutic effect of the gene therapy. Positive increases in the levels of periecan 
found after therapy indicates that the smooth muscle cell prohferation has ceased or 
will not be initiated. 

The present invention further comprises methods and compositions for 
detecting the early stages of vascular occlusive conditions or other smooth muscle 
cell proliferation by determining the presence, amount or activity of HSPGs involved 
in SMC proliferation, particularly periecan. Such methods and compositions 
comprise detection and quantification of periecan using protein purification methods, 
inmiunoassays, nucleic acid measurements and other assays known to those in the 
art. 

The present invention comprises methods and compositions for determining 
therapeutic agents that are capable of effecting SMC proliferation. Such assays are 
taught herein and can be used as assays to determine agents that effect the amount or 
activity of HSPGs, preferably periecan, in such assays. For example, in one assay, 
periecan is induced in cells by certain inducers, and the response is measured. 
Potential therapeutic agents are then added to a replicate assay and the effect on 
periecan induction is determined. Using such methods and compositions, therapeutic 
agents are determined that can either inhibit, elevate induction of periecan, or that 



11 

have no effect at all. Such therapeutic agents can then be used in animals with SMC 
prohferation pathologies. 

The compositions of the present invention may be administered through 
routes of administration that include, but are not hmited to, oral, buccal, nasal, 
aerosol, topical, transdermal, injectable, slow release, controlled release, 
iontophoresis, sonophoresis, and other delivery devices and methods. Injectable 
methods include, but are not limited to, intravenous, intramuscular, intraperitoneal, 
intraspinal, intrathecal, intracerebroventricular, intraarterial, subcutaneous and 
intranasal routes. 

The compositions for treating the pathologies by the present invention can 
further include a pharmaceutically acceptable carrier. The compositions can also 
include other medicinal agents, pharmaceutical agents, carriers, adjuvants diluents 
and other pharmaceutical preparations known to those skilled in the art. These 
agents are known to those skilled in the art and are generally described as being 
biologically inactive and can be administered to patients without causing deleterious 
interactions with the active agent. Examples of carriers or excipients for oral 
administration include com starch, lactose, magnesium stearate, microcrystalline 
cellulose and stearic acid, povidone, dibasic calcium phosphate and sodium starch 
glycolate. Any carrier suitable for the desired administration route is contemplated 
by the present invention. 

It is to be understood that this invention is not limited to the particular 
formulations, process steps, and materials disclosed herein as such formulations, 
process steps, and materials may vary somewhat. It is also to be understood that the 
terminology employed herein is used for the purpose of describing particular 
embodiments only and is not intended to be limiting since the scope of the present 
invention will be limited only by the appended claims and equivalents thereof. 

All patents and patent applications disclosed herein are hereby incorporated 
by reference in their entireties. All references hsted or cited herein are incorporated 
by reference in their entireties. 
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The foregoing description includes the best presently contemplated mode of 
carrying out the invention. This description is made for the purpose of illustrating 
the general principles of the inventions and should not be taken in a limiting sense. 
This invention is further illustrated by the following examples, which are not to be 
construed in any way as imposing limitations upon the scope thereof. On the 
contrary, it is to be clearly understood that resort may be had to various other 
embodiments, modifications, and equivalents thereof, which, after reading the 
description herein, may suggest themselves to those skilled in the art without 
departing from the spirit of the present invention. 

The Examples provided herein demonstrate that perlecan is an autocrine 
inhibitor of SMC growth. Perlecan expression is induced during serum starvation of 
cells in vitro. Purified perlecan inhibited SMC growth in cells provided with serum. 
Blocking perlecan either by an anti-perlecan antibody or by blocking perlecan 
synthesis abrogated the SMC quiescence induced in serum-free conditions. Finally, 
other antiproliferative agents such as cGMP, nitric oxide and glucosamine failed to 
inhibit SMC growth when perlecan was blocked. 

EXAMPLES 
Example I 

Perlecan induction 

Smooth muscle cells reach quiescence during serum starvation resulting in a 
blockade of DNA synthesis. To demonstrate perlecan 's role in SMC quiescence, 
cells were starved by removing serum from the media. The cells used in this 
Example and the other examples herein were human aortic SMC, grown in basal 
medium supplemented with growth factors, bFGF and epidermal growth factor 
(EOF) (Clonetics, San Diego, CA). 

SMC secretion of total PGs as well as perlecan were determined. PGs were 

radiolabeled with (35s)sulfate by incubating the cells with (35s)sulfate for 2 to 6 
hours. Media PGs were collected and purified by DEAE-cellulose chromatography. 
Cell-associated PGs were assessed by extracting cells with 50 mM Tris buffer pH 7,4 
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containing 4 M urea, 1% Triton X-100, 0.1 mM EDTA and 1 mM PMSF. Aqueous 

solutions of (35s)sulfate and (^H)leucine were from Amersham. 

To determine changes in PG levels, DEAE-cellulose chromatography was 
performed. A DEAE-cellulose column was equilibrated with 50 mM Tris buffer pH 
5 7.4 containing 4 M urea, 0.1 M NaCl, 0.1 mM EDTA, 1 mM PMSF and 1% 3[(3- 
cholamidopropyl)dimethylammomo]-l-propanesulfonate (CHAPS). The column 
was washed with the same buffer and buffer containing 0.25 M NaCl and PG were 
eluted with the same buffer containing 0.5 M NaCl. Fractions containing 
radioactivity (^^S04) were pooled and dialyzed against MEM overnight and counted. 
10 To determine the relative proportion of HSPG and chondroitin 

^! sulfate/dermatan sulfate proteoglycan (CS/DS PG), an aliquot of the pooled fraction 

was incubated in 50 mM sodium acetate buffer pH 5.2 with 1 unit/ml each of 
heparinase and heparitinase or with 0.5 units of chondroitin ABC lyase for 16 h at 
37^ C. Chondroitan ABC refers to different isomeric types of chondroitin, e.g. 
15 chondroitin A, chondroitin B, and chondroitin C. The reaction mixture was 
precipitated either with 0.5 volumes of 1% cetyl pyridinium chloride or with 3 
volumes of ethanol to precipitate undigested glycosaminoglycans. Radioactivity in 
the supernatant and pellet was determined. (Figure 1 A) 

To determine changes in perlecan protein, cells were grown in serum-free or 
20 serum-containing media in the presence of (^H)leucine for 24 h (steady state). Cells 
were plated at low density (8 x lO'^/well in 48 well plate, 30-40% confluency) and 
cultured for 24 h (hour). Wells were then replenished with fresh medium containing 
no serum or 10% fetal bovine serum (FBS). Following another 24 h incubation, cells 
were labeled with ( H)thymidine for 6 h and radioactivity incorporated into the DNA 
25 was determined by trichloroacetic acid (TCA) precipitation of the cell lysate. 
(^H)thymidine was from NEN. Purified PG (0,5 M eluate) were immunoprecipitated 
by incubation with an anti-perlecan antibody (100-fold diluted) followed by 
precipitation with Protein A-Sepharose. Immunoprecipitates were analyzed by 5% 
SDS-PAGE. Perlecan (Mr>550 kDa) was identified by autoradiography. (Figure 
30 IB) 
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This example shows that serum starvation led to an increase in the secretion 

35 

of S-labeled proteoglycans into the medium. When expressed per cell, there was 
2.5 fold increase in the amount of proteoglycans in media from serum-starved cells 
compared to media from cells grown in serum-containing media. To determine if 
serum starvation induces perlecan, perlecan was inamunoprecipitated from media 
using anti-perlecan antibody. Similar to proteoglycan increase, media from serum- 
starved cells had a three-fold increase in perlecan. These data showed that serum- 
starvation induced perlecan expression by SMC. 

Example II 

Perlecan inhibits smooth muscle cell proliferation 

Although perlecan has been shown to negatively correlate with SMC growth, 
direct inhibitory effects of perlecan on SMC growth has never been previously 
demonstrated. Purified perlecan from SMC medium by DEAE-cellulose 
chromatography was obtained using methods in Example I, and was tested for its 
antiproliferative effects on SMC. 

The addition of perlecan to serum-containing medium inhibited SMC growth 
by 70% (Figure 2). Sub-confluent SMC (40-50% confluence) were incubated in 
serum-free medium or 10% serum-containing medium with or without purified 
perlecan for 24 h. DNA synthesis was then determined by incubating cells for 
another 5 h in medium containing (^H)thymidine. TCA precipitable (DNA) 
thymidine counts were determined and expressed as percentage of DNA synthesis in 
cells grown in 10%FBS. 

Example III 

Perlecan mediates smooth muscle cell quiescence 

Perlecan, induced in serum-free conditions, was required for the blockade of 
DNA synthesis observed in serum-free conditions. The anti-perlecan antibody of 

Example I was used to block perlecan. Sub-confluent levels of SMC (40-50% 
confluence) were incubated in serum-free medium containing 0, 5, 10 and 20 |ig of 
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mouse IgG or anti-perlecan IgG for 24 hours. DNA synthesis was then determined 
by incubating cells for another 5 hours in medium containing (^H)thymidine. TCA 
precipitable (DNA) ( H)thymidine counts were determined and expressed as 
percentage of DNA synthesis in cells grown in 10% FBS. (Figure 3) At 20-jLig/ml 
concentration, anti-perlecan antibody restored DNA synthesis to near serum levels. 
Cells grown in serum-free conditions had a 80-90% decrease in DNA synthesis 
suggesting that cells have reached quiescence under these conditions. Addition of 
anti-perlecan IgG but not mouse IgG led to an increase in DNA synthesis. These 
data suggested that the quiescence caused by serum-free conditions is mediated by 
perlecan and that blocking perlecan removes the blockade on DNA synthesis. 

£xample IV 

Blocking perlecan synthesis leads to SMC growth in serum-free medium 

To further confirm the role of perlecan in SMC growth, SMC were 
transfected with a deoxyribozyme that is designed to cut perlecan mRNA at the 
mRNA start codon resulting in inhibition of perlecan production. The growth of 
SMC transfected with a non-specific oUgonucleotide was compared to SMC 
transfected with perlecan-deoxyribozyme in serum-free conditions. These data are 
shown in Figure 4. 

Sub-confluent SMC (40-50% confluence) were transfected with a non- 
specific oligonucleotide or a deoxyribozyme oligonucleotide designed to cut 
perlecan mRNA. Following transfection, cells were incubated in serum-free medium 
for 24 h. DNA synthesis was then determined by incubating the cells for another 5 h 
in medium containing (^H)thymidine. TCA precipitable (DNA) thymidine counts 
were determined and expressed as a percentage of DNA synthesis in cells grown in 
10% FBS. 

Addition of the deoxyribozyme to interfere with perlecan synthesis did not 
affect growth in serum-containing medium. In serum-free conditions, however, 
blocking perlecan synthesis led to a five-fold increase in SMC DNA synthesis. 
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These data further showed that perlecan was required to maintain SMC quiescence 
and that blocking perlecan synthesis lead to induction of DNA synthesis. 

Example V 

Perlecan is required to mediate the effects of different antiproliferative agents 

Known SMC growth inhibitors, 8 bromo cyclic GMP, nitric oxide donor 
sodium nitroprusside, glucosamine and apoE (20-21) were used in assays of the 
present invention. ApoE3 was purchased from Calbiochem (La JoUa, CA). These 
agents inhibited SMC proliferation by 50-60% (Figure 5). 

Sub-confluent SMC (40-50% confluence) were incubated in growth medium 
with or without different antiproliferative agents and with mouse IgG or with 
perlecan antibody for 24 hours. DNA synthesis was then determined by incubating 
cells for another 5 hours in medium containing ( H)thymidine. TCA precipitable 
(DNA) thymidine counts were determined and expressed as percentage of DNA 
synthesis in cells grown in 10% FBS. 

Blockade of perlecan effect by anti-perlecan antibody completely abrogated 
the antiproUferative effects of these agents. These data showed that perlecan was an 
intermediate in the regulation of SMC growth. 

Example VI 

High-throughput screening of compounds that effect perlecan synthesis. 

Cells were initially plated at low density (8 x lO'^/well in 48 well plate, 30- 
40% confluency) and cultured for 24 h. To determine changes in perlecan protein, 
cells were grown in serum-free or serum-containing media, or cells were grown in 
serum-free media with a test compound, or serum-containing media with a test 
compound in the presence of (^H)leucine for 24 h (steady state). Wells then 
replenished with fresh medium containing no serum, no serum and a test compound, 
10% FBS or 10% FBS and a test compound. Following another 24 h incubation, 
cells are labeled with (^H)thymidine for 6 h and radioactivity incorporated into the 
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DNA is determined by TCA precipitation of the cell lysate. (^H)thynudine is from 
NEN. 

10 jig each of test compounds 1-7 are added to cells and cultured as described 
above. HSPGs are isolated from SMC medium and purified by DEAEH:ellulose 
chromatography. Compound 4 inhibits perlecan production. Compound 3 
stimulates perlecan production and the remaining five compounds have no effect. 
Although only seven compounds are used, the method of the present invention is 
designed for high-throughput screening. 

Example VII 
Evaluation of test compounds in vivo 

Two of test compounds discovered using the methods of the present 
invention, particularly shown in Example VI, compositions RUS 3052 and RUS 
3108, were evaluated for efficacy in the reduction of neointima formation following 
balloon catheter-induced injury of the common carotid arteries of male Wistar rats. 
Thirty-two rats were divided into groups of eight animals per group: two test 
compound groups and two control groups. The two control groups were the positive 
control, 5 mg/kg probucol, and the negative control, the vehicle for the test 
compositions and the positive control probucol. Probucol has been shown to reduce 
post-angioplasty restenosis in clinical trials and has been reported as effective in the 
rat balloon injury model. The vehicle solution was 10% DMSO, 10% cremophor, 
20% propylene glycol in water for injection. Test compositions RUS 3052 and RUS 
3108 were initially administered at 5 mg/kg up to and including the day of surgery. 
Starting the day after surgery, until the end of the study, the dosage of all 
compositions was lowered to 1 mg/kg. The test compositions were prepared by 
combining 5mg of the test compound or control with lOOjil DMSO, lOOjil 
cremophor EL, and 200fil propylene glycol with intermittent mixing using a 
cyclomixer. Water for injection was added in lOOfil aliquots to give a final volume 
of Iml. 
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The test compositions and controls were administered daily by intraperitoneal 
injection starting 72 hours prior to the surgical procedure and continued until 
necropsy, 14 days after the procedure. One animal from each of the four groups 
underwent the surgical procedure each day using a #2F Fogarty embolectomy 
catheter. An embolectomy catheter was introduced into the right external carotid 
artery and retrogradely passed to the aortic arch through the common carotid artery. 
The balloon was inflated with sterile saline and then pulled to die common carotid- 
external carotid bifurcation. Upon deflation, the procedure was repeated a second 
time. The catheter was removed and the proximal and distal ligatures to the 
arteriotomy of the external carotid were sutured. 

Example VIII 

Efficacy of Test Compositions 

Fourteen days post-surgery, the animals of Example VU were euthanized and 
the damaged right carotid arteries were collected, sectioned and stained with 
modified elastin-trichrome, and then analyzed for neointima formation that was 
quantified by histomorphometric analysis. In addition, sections from each damaged 
carotid artery were stained with hematoxylin-eosin and reviewed for 
histopathological changes. The undamaged left carotids were collected for 
immunohistochemistry analysis of the presence of perlecan. Animals were dosed the 
day of necropsy and blood samples were collected at necropsy. 

The ratio of intima area/media area (lA/MA) for each section of carotid artery 
that had neointima formation was reported based on histomorphometric results. The 
average lA/MA ratio was determined for each animal from all the sections analyzed 
that had an lA/MA ratio greater than 0.0915. The average lA/MA ratios and standard 
deviations based on animal averages within a group suggests that there was less lA, and 
thus, less neointima formation for animals that received test article RUS 3108 and the 
positive control, probucol. The results are shown in Table 1 and Figure 6. Figure 6A is 
a graph of the group average is the average of lA/MA ratios for each animal. All 



19 

animals used in the group average had two or more sections and the sections had 
lA/MA ratios greater than 0.0915, 

Table 1. lA/MA Averages 





Based on Animal 
Averages 


Based on Section 

Averages 


Treatment 


lA/MA Average ± 
STD (n) 


lA/MA Average 
± STD (n) 


RUS 3052 


0.83 ± 0.32 (5) 


0.92 ± 0.39 (16) 


RUS 3108 


0.61 ±0.31 (5) 


0.71 ± 0.44 (17) 


(+) Control Probucol 


0.65 ± 0.25 (3) 


0.71 ± 0.30 (9) 


(-) Control Vehicle 


0.88 ± 0.50 (3) 


0.99 ± 0.40 (9) 



By averaging all of the sections within a group, rather than animal averages, there was a 
larger number of samples to perform statistical analysis using the two-tailed Student's t- 
Test. The average lA/MA ratios based on the sections within a group are shown in 
Table I and Figure 6B. Test compound RUS 3052 compared to vehicle had a p value of 
0.68, RUS 3108 compared to vehicle had a p value of 0.13, probucol compared to 
vehicle had a p value of 0.12. With significance set at p<0.20, these results support that 
RUS 3108 and probucol were effective in significantly reducing neointima formation in 
comparison to the negative control group. 
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